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Abstract 


The  relative  refractive  index  of  air  was  measured 
at  eight  v;avelengths ,  from  5852  to  2536  A,  using  a  Fabry- 
Perot  interferometer.  Using  these  values  a  least  squares 


dispersion  equation,  of  the  Cauchy  type,  was  calculated. 
This  equation  was  adjusted  to  give  a^best^fit  vfith  the 
values  given  by  Barrell  and  Searsl  The  resulting  disper¬ 
sion  equation,  for  standard  air,  is  compared  with  the 
dispersion  equations  derived  by  Barrell  and  Sears,  Meggers 


and  Peters^and  Edlen. 
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I  INTRODUCTION 


During  the  last  t\?enty--f ive  years  it  has  becorrie 

increasingly  apparent  that  the  dispersion  formula  for  air, 

found  by  Meggers  and  Peters^,  and  almost  universally  used 

2  3 

by  spectroscopists ,  is  too  large  in  the  ultra  violet,"’ 
by  nearly  one  percent  at  2000  A,  There  is  also  some  indica- 

A. 

tion,  from  measurements  made  in  1934  by  Rosters  and  LampeU 

/  3  G 

and  by  perard  and  in  1939  by  Darrell  and  Sears  ,  that 

Meggers  and  Peters  values  imj  be  too  low  in  the  visible. 

The  measurements  made  in  1934  and  1939  should,  judging  from 

the  different  methods  of  observation  and  the  substantial 

agreement  between  the  results,  be  fairly  accurate  for  the 

visible  region  where  the  observations  v/ere  made. 

The  discrepancy  betv/een  Meggers  and  peters  values 

and  the  more  recent  determinations  of  the  refractive  index 

-8 

is  between  50  and  100x10  in  the  visible  region.  This  may 

not  be  very  large  but  as  wavelength  measurements  are  no?/ 

being  made  to  the  order  of  one  part  in  fifty  million  it  is 

necessary  that  the  refractive  index  be  known  to  the  same 

precision,  that  is  about  2x10’"  .  Meggers  has  noted  the 

error  in  the  dispersion  for  the  ultra  violet  but  has  made 

no  mention  of  the  visible. 

7 

Newbound  has  suggested  that  the  change  in  etalon 
thickness  due  to  the  gas  pressure  compressing  the  etalon 
spacers  (and  other  parts  of  the  interferometer)  may  be  much 
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greater  than  that  calculated  frora  the  bulk  modul/s  and  that 
this  may  account  for  the  error  in  Meggers  and  peters  work. 

No  attempt  has  been  made  to  check  this  theory,  in  the  pres¬ 
ent  work. 

In  the  present  work  the  index  of  refraction  of  air 

198 

vms  determined  on  a  relative  basis  for  seven  lines  of  ''  pp,Hg 
using  a  Fabr5?-"-Perot  interferometer  crossed  with  a  Kilger  El 
Littrow  spectrograph,  with  quartz  optics.  MeasureDients  were 
Blade  in  dry,  carbon-dioxide-^free  air  and  in  vacuum  using 
the  neon  secondary  standard  lines.  Neon  v/as  chosen  because: 

1)  it  is  much  simpler  to  use  several  secondary 
standards  than  the  primary  standard  alone,  and 

2)  the  neon  spectrum  is  easily  produced  experimen¬ 


tally. 
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XI  TII3QRY 

The  theory  of  the  fabry-perot  interferometer  is  vmll 

knovm  and  has  been  adequately  covered  elsevhiere,  e.g. 
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Tolansky  or  Meissner  ,  therefore  only  the  material  neces¬ 
sary  for  the  calculation  of  the  refractive  index  will  be 
considered. 

1.  Calculation  of  the  Fractional  Order  of  Interference,  e, 

For  constructive  interference  the  fundamental  equa¬ 
tion  of  interference  is 

PA  =  ^ 

v;here  p  is  an  integer,  A  is  the  wavelength,  t  is  the  etalon 
thickness,  ©  is  the  angle  v/hich  the  light  makes  with  the 
normal  to  the  reflecting  films.  The  fringes  are  at  inilr±ltj 
and  are  brought  to  a  focus  by  a  suitable  lens.  These  fringes 
consist  of  alternate  bright  and  dark  rings. 

The  bright  rings  in  the  interference  pattern  are 
numbered  0,  1,  2,  —  starting  froiii  the  center,  for  the 
center  of  the  pattern  V'/e  can  write 

C^^eJ  \  =  It-  (2) 

where  p  is  an  integer  and  e  is  the  fractional  order  of 
interference  and  be  determined  by  a  reduction  of  the 
fringe  pattern.  If  is  the  diameter  of  the  nth  bright 
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fringe,  than 

^  (3) 

where  AD  is  a  constant  for  a  given  pattern. 

It  is  generally  desirable  to  average  the  e»s  calcu¬ 
lated  from  a  number,  n,  of  fringe  diameters,  usually  3  to  6. 
This  can  be  very  conveniently  accomplished,  for  five  fringe 
diameters,  by  the  method  of  least  squares  (cf.  Appendix  I). 
The  normal  equations  can  be  v/ritt'en  in  the  form 

(4) 

"  "  (5) 

-Z 

where  IC  =  and  all  the  summations  are  from  n  =  0  to 

n  =  j  -1,  i  being  the  number  of  fringe  diameters  observed. 
Putting  J  z  5  and  solving  for  e  we  find, 

pf  - 

The  individual  ma3r  be  calculated,  using 

e„  =  - av -  -  A  (V) 

where 

-=  0,  ~ 

An  estimate  of  the  probable  error  can  then  be  made  by  the 


usual  treatment  of  residuals. 
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probable . error  In  e 


2 ♦  Determination  of  Exact  Thickness 

Tile  determination  of  the  exact  etalon  thickness,  t, 
which  is  necessary  to  compute  the  wavelengths  and  hence  the 
index  of  refraction,  requires  a  knowledge  of 

a)  the  fractional  parts  for  at  least  two  standard 
wavelengths 

b)  an  approximate  value  for  the  etalon  thickness. 

The  exact  thickness  ina^^  be  found  in  several  ways 
3 

(Meissner  )  but  the  following  method  was  used  due  to  the 
availability  of  t¥v"o  Mar  chant  computing  machines.  An  approxi¬ 
mate  order  number  P  for  the  standard  lines  was  found  using 
the  approximate  thickness  and  equation  (2),  A  standard 
v;avelength  was  set  in  the  keyboard  of  each  machine  as  multi¬ 
plicand,  vhiile  the  corresponding  approximate  order  number 
Y^lth  the  measured  value  of  e  ?/as  used  as  a  multiplier.  This 
multiplication  gives,  by  equation  (2),  an  approximate  value 
of  2t,  which  wmll  be  different  for  the  two  standards.  The 
approximate  order  numbers  v/ere  then  varied  by  units  (which 

canMee  done  without  disturbing  the  fractional  parts)  until 

8 

agreement  within  2  or  3  parts  in  10  is  reached  for  liie 
value  of  2t.  A  third  standard  is  then  used  to  check  this 
value.  Once  the  exact  thickness,  2t,  has  been  found  for  one 
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exposure,  those  following  are  laucii  easier  to  deteririine  as  the 
variation  in  2t  is  small  if  the  e talon  is  not  disturbed. 


Theory  of  hefractive  Index 


The  general  dispersion  equation  developed  by  Lorentz 


12 


can  be  written,  for  a  given  medium,  in  the  form 

Oj 


n^-  f 


(9) 


where  the  D*  terms  of  the  series  are  constants,  v  is  the 
frequency  of  the  incident  radiation  and  the  v^  terms  are  the 
frequencies  of  the  lines  in  the  absorption  spectrum,  of  the 
dispersing  medium,  for  a  -wavelength  region  well  removed 
from  the  absorption  bands  of  air  in  the  extrerae  ultra  violet, 
(9)  may  be  expanded,  on  the  right,  in  a  Cauchy  form 


-t- 


(2 


A 


Z 


(10) 


When  n  differs  only  slightly  from  unity  the  left  hand  sid^ 
reduces  to  n-1  and  (10)  becomes 


f>7-/y  =  do  -t  A 


w - 


(11) 


vhiich  has  been  found  to  give  a  satisfactory  expression  for 
the  dispersion  of  air. 


4.  Calculation  of  index  of  Refraction 

The  determination  of  the  refractive  index  requires 
that  at  least  two  interf erograms ,  of  each  radiation,  be 


7 


observed;  one  v/iien  the  interferometer  is  in  a  vacuum,  and 
the  second  when  the  substance  under  examination  is  betYv-een 
the  interferometer  plates.  fwo  equations  of  the  form  (2) 
are  then  applicable 

-  [f'-t  e'J\'  -  (12) 

where  the  unprinied  values  refer  to  the  vacuum  and  the 
primed  values  refer  to  the  substance. 

Using  (12),  in  conjunction  with  the  definition  of 
refractive  index  gives, 

A  _  (fhep 
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then 


{yi -I)  = 

i”-/)  -= 


^-rej 
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p’-fZ- 

x-f-  e' ~e 


(IZ) 


F  (14) 

Where  the  densities  are  small  x  will  be  zero  or  some  small 
integer  vhiich  is  readily  determined  from  an  approximate 
value  of  (n  -I).  Since  p  is  not  required  to  high  precision 
v^re  may  use  the  first  of  equations  (12)  to  obtain, 


f  1  ry 


^lus  to  calculate  the  refractive  indices  need  to  know: 

a)  the  fractional  parts  e  for  the  v/avelengths  for 
which  the  refractive  indices  are  desired 
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b)  the  approximate  value  of  tiie  v/avelengtlis  in  (a), 
that  is  to  six  significant  figures 

c)  the  thickness,  2t,  to  at  least  six  figures 

d)  an  approximate  value  of  (n  -  1)  x  10^  (2  figures) 

5 «  Phase  Change  on  Reflection 


Metallic  surfaces  have  an  index  of  refraction  v/hich 
is  a  complex  quaritit^rj  both  the  real  and  imaginary  parts  of 
which  are,  in  general,  functions  of  v/avelength.  Hence  it  is 
usually  necessary  to  make  a  small  correction^  to  tne  refrac¬ 
tive  index  calculated  by  (lo),  due  to  the  slightly  different 


v/avelengths  in  vacuum  and  in  the  substance.  The  change  in 

phase  causes  the  etalon  to 'appear  to  have  a  slightly  differ- 

10 

ent  thickness  in  the  two  cases 

Let  a(2tj  be  this  apparent  change  in  thickness  and 


assume  that  it  appears  ?hien  the  substance  under  examination 
is  between  the  plates.  Then  the  second  of  equations  (12) 
becomes 


y  ^  dfxt) 


while  the  first  remains  unchanged.  Then  proceeding  as  in 
section  4,  we  find 

^  ^  -r,  ”  _  n-t 


y 
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-t  c 


p-/j 


c'-C.)  _  d(^t) 

it  2^t 


and 


(17) 
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tc  U7>  iCf' 

Hov;ever  the  refractive  index  of  air  is,  and  thus  the 

change  in  wavelength  from  air  to  vacuum  is  sii],all.  This 
means  that  the  effect  in  2t  due  to  phase  effect  is  sraall, 
usually  in  the  eighth  f  iegure ,  and  as  2t  is  needed  here  to 
at  the  most  seven  figures  the  effect  of  phase  change  on 
reflection  may  he  neglected. 
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III  APPARAIUS 

1«  General 

13 

The  apparatus  described  by  Smith  was  modified 
slightly  by  installing  a  mercury  vapour  pump  near  the 
e talon  chamber  and  moving  the  mechanical  vacuum  pump  to  the 
corner  of  the  room  about  five  meters  away  and  connecting 
them  together  by  ten  maters  of  fourteen  millimeter  pyrex 
tubing.  Vibration  raounts  (three  sets)  were  installed  under 
the  mechanical  vacuum  pump,  also,  vibration  mounts^ placed 
under  the  fan  and  under  the  stirring  motor.  This  arrange¬ 
ment  reduced  the  vibration  to  such  a  level  that  there  yjbb 
no  noticeable  effect  on  the  surface  of  a  beaker  of  mercury 
when  the  apparatus  was  operating. 

The  long  glass  vacuum  line  betv/ean  the  mechanical 
vacuum  pump  and  the  rest  of  the  apparatus  did  not  apprec¬ 
iably  reduce  the  p'omping  speed  and  v/ith  the  mechanical  pump 
alone  the  vacuum  was  at  least  as  high  as  it  v/as  when  the 
pump  was  connected  by  a  few  feet  of  rubber  tubing.  This 
arrangement  allowed  continuous  pumping,  \¥hich  was  an  abso¬ 
lute  necessity  due  to  the  long  exposures  required,  and  gave 
a  vacuum  in  the  manometer  of  the  order  of  10  ^  millimeters 

__  rz 

of  mercury  and  in  the  e talon  chamber  of  the  order  of  oxlO 
millimeters  of  mercury. 

Some  inconsistencies  were  discovered  in.  the  MacLeod 
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gauge  used  by  Smith  and  a  new,  all  glass,  MacLeod  gauge 
was  constructed  ( calibration  ^Appendix  II).  This  w'as  connec¬ 
ted  to  the  etalon  chamber  and  the  manometer  by  Butyl  rubber 
tubing.  Butyl  being  used  to  reduce  the  effect  of  air  diffus¬ 
ing  through  the  rubber.  (Butyl, has  approximately  one-tenth 
the  diffusivity  of  natural  rubber). 

Other  than  these,  the  light  source  and  its  excitation, 

and  the  spectrograph  settings  (see  Appendix  III)  no  other 

1  3 

changes  were  made  in  the  apparatus  described  by  Smitli""  , 
hence  the  details  Y;ill  be  omitted  hers. 

3 .  Light  Sources  and  Excitation 

A  lamp  holder  was  designed  and  built  which,  permitted 
either  the  neon  standard  or  the  mercury  198  lamp  to  be 
slipped  rapidly  into  position  in  front  of  the  etalon. 
Unfortunately  it  became  necessar3/  to  remove  the  mercury  198 
lamp  and  when  it  v/as  replaced  it  w/as  found  to  be  slightly 
out  of  position.  Rather  than  try  to  find  the  proper  position 
once  more  the  aligrmient  of  the  lamps  was  checked  by  observ¬ 
ing  the  image  formed  on  the  mask  in  front  of  the  spectro¬ 
graph  lens.  The  position  of  the  light  source  is  not  critical 

8 

according  to  Tolansky  and  thus  this  alignment  was  suffic- 
ientl37  accurate. 

The  neon  standard  was  an  ordinary  capillar3^  type 
Geissler  tube.  The  600  megac^/cle  oscillator  would  not  oper- 
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ate  this  tube  successful!:/-  and  it  v;as  necessarj?-  to  use  60 


cycle  alternating  current  stepped  up  by  a  high  voltage 
transformer,  the  primary  of  wnich  was  connected  to  a  variac. 
/f  bridge^ type  copper  oxide  rectifier  was  placed  in  the  high 
voltage  circuit  v/ith  a  direct  current  milliammeter  in  the 
center  of  the  bridge.  (Ihis  v/as  found  to  be  more  satis¬ 
factory  than  using  an  alternating  current  milliarnmeter ) . 

This  allov/ed  easy  measurement  of  the  current  in  the  neon 
lamp.  It  was  found  that  the  neon  lamp  became  unstable  for 


currents  of  approximately  6  milliampei^s  dc.,  hence  the  neon 

lamp  wns  operated  at  7  milliampei^  dc.  for  all  exposures. 

The  mercury  198  lamp,  of  vycor  glass,  ?/as  obtained 

from  Baird  Associates,  Cambridge,  Massachusetts,  and  contains 

198 

a  few  milligrarns  of  artificially  prepared  ^  trace 

199 

of  g^Hg. 

14 


Meggers  has  claimed  that  no  evidence  of  cleanup 
was  observed  for  excitation  freq_uencies  higher  than  300 
megacycles.  A  600  megacycle  war  surplus  radar  transmitter 
wii- used  to  excite  the  niercur-y  198  lamp.  This  oscillator 
mdbeh  has  two  triode  push-pull,  tuned  plate  -  tuned  cathode 
(resonant  lines)  oscillators  (see  for  instance  15)  w'orking 
in  parallel  and  indications  of  cleanup  were  noticeable  after 
approximately  eighteen  hours  of  operation.  For  this  reason 


the  lamp  was  removed  from  the  lamp  holder  and  wrapped  in 
aluminum  foil,  except  for  the  interelectrode  space.  The 
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darkening  due  to  cleanup  was  observed  only  near  the  outer 

edge  of  the  electrodes  (that  is,  towards  the  ends  of  the 

S 

tube)  and  as  folansky  has  reported  that  no  cleanup  occurs 
under  the  electrodes  it  was  decided  to  wrap  the  ends  of 
the  mercury  lamp  in  aluminum  foil  thus  placing  all  the  lamp 
except  the  interelectrode  space  under  the  electrodes  and 
thereby  preventing  cleanup. 

No  attempt  was  made  to  rueasure  the  power  delivered 
by  the  ultra  high  frequency  oscillator  (UHF)  but  judging 
from  the  intensity  of  the  lamp  and,  the  length  of  exposures 
needed  there  could  not  have  been  more  than  five  watts 
delivered  to  the  lamp.  ?/ith  this  low  power  it  does  not 
seem  possible  that  the  cleanup  observed  could  be  due  to  a 
low  frequency  produced  bj?^  the  two  oscillators  being  slightly 
different  and  thus  producing  a  beat  frequency. 

5*  The  Den  sit  ome  ter 

The  Photomultiplier  circuit  as  used  by  Smith"  was 
modified  slightly  to  provide  better  selectivity  and  control. 
The  modified  circuit  is  given  below: 
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PLATE  II  The  Recording  Densitometer* 
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-  1000  V, 


R,  470,000  ohms 

Ri  10,000  ohms 

R3  10  raegobms 

unraarked  resistors  lOOE  ol:ims  each 

all  capacitors  O.Cl  niM 

Figure  1,  Photomultiplier  Circuit 

The  plate  holder  of  the  densitometer  was  modified  so 
that  it  could  he  rotated  a  small  amount  about  a  vertical 
axis.  Parallel  ways  with  an  aluminum  carriage  to  vihlch  the 
plate  could  be  attached  were  then  mounted  on  the  plate 
holder.  This  allowed  the  fringe  pattern  to  be  properly 
aligned  in  the  densitometer,  without  too  much  trouble,  and 
once  one  pattern  was  aligned  the  carriage  could  be  advanced 
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to  place  any  required  line  In  measuring  position. 
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IV  EXPERILIENTAL  PROCEDURE 
1 .  Vacuum  Exposures 

Witii  tiie  etalon  in  place  the  etalon  chamber  was 
flushed  tv/ice  with  air  tnat  had  been  passed  over  phosphorus 
pentoxide  and  anhydrous  sodium  hydroxide  to  remove  the 
water  vapour  and  carbon  dioxide.  Water  vapour  was  further 
prevented  from  entering  the  etalon  chamber  by  a  cold  trap, 
cooled  with  a  dry  ice-acetone  mixture.  The  cold  trap  also 
served  to  prevent  mercury  vapour  from  entering  the  etalon 
chamber.  After  the  second  flushing  the  mercury  vapour  pump 
V'jas  also  turned  on  and  the  apparatus  then  left  for  about 
two  hours  to  alloy;  the  system  to  reach  pressure  and  tempera- 
tu re  e  quil ibr ium . 

Four  exposures  were  then  taken  on  Eastman  IIIF  plates 
(sensitive  6900  A  to  20C0A)  in  the  following  sequence. 

1)  Eeon,  visible  -  for  six  minutes 

2)  Mercury,  visible  -  for  three  hours  (four  hours 
for  the  1.5  cm.  air  exposure) 

3)  Mercury,  ultra  violet  -  for  one  and  a  half  hours 
(two  hours  for  the  1.5  cm.  air  exposure) 

4)  Neon,  visible  -  for  six  minutes. 

The  plates  y;ere  then  processed  for  nine  minutes  in  Eastman 
D-19  developer  and  for  fifteen  to  tv?enty  minutes  in  F  -  5 
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Tlie  vacuum  in  the  e talon  chamber  was  measured  with 
a  MacLeod  gauge  (see,  for  instance,  16),  usuall:/  eight 
times  during  the  above  sequence. 

xhe  constant  temperature  bath  was  maintained  to 
+  0.01°,  by  thermostatic  control  and  was  measured  by  a 
Beclemann  thermometer  (for  calibration  see  Appendix  IV). 

To  ensure  that  a  representative  temperature  was  used  in  the 
calculations,  the  Beckmann  thermometer  was  read  every  15 
seconds  during  tw'o  separate  temperature  cycles  of  the 
thermostatic  control.  The  average  of  these  values  being 
taken  as  the  average  temperature.  There  may  be  a  small 
error  in  the  third  decimal  place  (0.002°G)  due  to  a  tendenc^r 
of  tile  Beckmann  to  stick  slightly. 

2 .  Air  Exposures 

When  the  vacuum  exposures  ¥^ere  completed  the  etalon 
chamber  was  filled  Y¥ith  dry,  carbon-dioxide* free  air  at  a 
fc^B^^^tr-pressure  -  slightly  greater  than  atmospheric,  and  then 
allowed  to  remain  overnight  before  the  air  exposures  were 
started.  The  etalon  chamber  ¥ias  connected  by  several  feet 
of  heavy  wailed  neoprene  tubing  to  one  side  of  the  manometer 
described  by  Bniith^^.  The  other  side  of  the  raanometer  was 
connected  to  the  vacuum  system  and  maintained  at  a  pressure 
of  the  order  of  10  millimeters  of  mercury  by  continuous 
pumping.  At  this  pressure  it  was  unnecessary  to  make  any 
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correction  for  the  residual  pressure  on  the  vacuujra  side 
since  the  air  pressure  measured  by  the  manometer  was  accurate 
only  to  10  rai  1  lime  ter  s  of  mercury. 

Pressure  measurements  were  made  eYexy  15  minutes 
during  an  exposure  seq.uence.  The  room  temperature  rose 
steadily,  during  each  exposure,  as  a  result  of.  the  heat  gener¬ 
ated  by  the  UliF  oscillator  and  the  mercury  vapour  pump.  This 
temperature  rise  expanded  the  air  in  the  lines  and  the  ruano- 
meter  causing  a  small  pressure  rise. 

The  observed  pressures  were  plotted  as  a  function  of 
time  and  the  pressure  for  the  middle  of  the  neon  exposures 
taken  as  the  average  for  these  exposures.  The  air  pressures 
for  the  mercury  exposures  were  taken  as  being  the  average  of 
the  measured  pressures.  A  correction  was  then  made  for  the 
temperature  of  the  steel  scale,  Vifhich  is  standa.rd  at  20 
degrees  centigrade,  h  correction  was  also  made  to  reduce 
the  mercur^r  to  standard  temperature,  zero  degrees  centigrade, 

and  to  reduce  the  acceleration  of  gravity  to  the  standard 

2  2 
value,  960.665  cm/ sec  ,  from  its  value  of  981.169  cm/ sec  at 

ildmonton.  The  Barometer  temperature  correction  isr 

pt  >  p  P  {-G.000,181,86t  -1-  0. 000, 010,5  (t  -20)  )  ( 18  ) 

The  correction  for  gravity  is: 

pr  f 


-  P*  X  981.169  ^  1.000,513,9?^ 
980.665 


(19) 
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V  EXPERIMENTAL  DATA  AFP  DISCUSSION 

The^  dispersion  curve  given  represents  the  results  of 
the  measurements  of  the  relative  refractive  index  of  air  at 
eight  wavelengths  from  5852  A  to  2536  A- for  each  of  six  air 
exposures  and^like  number  of  vacuum  exposures.  Tw'o  etalon 

thicknesses  were  used,  a  0.5  cm.  etalon  and  a  1.5  cm. 

6 

etalon.  The  data  used  and  values  of  (n-l)  x  10  calculated- 
from  the  data  are  suimiiarized  in  table  II  (0.5  cm.  etalon) 
and  table  III  (1.5  cm.,  etalon). 

A  comparison  of  the  refractive  indices  calculated 
from  the  data  for  the  0.5  cm.  etalon  with  those  calculated 

from  the  data  for  the  1,5  cm.  etalon  (all  values  reduced  to 

standard  air  conditions)  did  not  reveal  an3r  trend  that  could 
be  attributed  t.o  phase  change.  Pence  it  was  concluded  that 
any  phase  change  effect  was  too  small  to  be  detected  and 
this  was  therefore  neglected. 

An  anal37‘sis  of  a  few  of  the  dens itorae ter  tracings 
revealed  that  the  fringe  patterns  were  not  symiaetric  but  as 

the  asjTrnmetr:/  was  not  regular  it  could  not  be  due  to  non- 

parallelism  of  the  etalon  plates.  The  asyiiimetry  depended  on 
v/avelength  but  was  reasonably  constant  for  the  same  line  on 
different  plates.  How^ever,  as  only  a  few  lines- were  anal3^zed 
no  conclusions  could  be  drawn  but  the  indications  were  that 
the  etalon  plates  v/ere  not  sufficiently  flat  to  give,  symmetry 
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r 

v/itliin-  the  accuracy  of  nieasureraent . 

The  fringes  v;ere  Quite  sharp  in  tne  visible  region 
but  became  slightly  fuzzy  in  the  ultra  violet  due  to  the 
decrease  in  the  reflectivity  of  alurainum  at  short  v/avelengths . 

The  densitometer  apparently  gave  a  faithful  reproduc- 
tion  of  the  fringe  pattern  but  there  ?v'ere  indications  that 
if  the  controls  v;ere  adjusted  to  give  a  very  sharp  high  peak 
then  tne  recording  milliarrmieter  could  not  follow  the  pattern 
rapidly  enough  and  hence,  distorted  the  fringe  |)attern 
slightl3r.  Soiiie  tests  v^ere  made  to  determine  the  effect  of 
this  but  they  v-/ere  inconclusive.  The  error  apparentl3/-  was 
of  the  same  order  as  the  error  in  raeasurement ,  however  a 
fuller  investigation  might  be  v/orthwhile. 

The  dispersion  curve 

( iC  C  j 

was  determined  by  the  method  of  least  squares  from  a  Y#eighted 

average  of  the  observed  refractive  indices  (not  corrected  to 

'  y  . 

standard  air).  The  walues  in  columns  7,  17,  16,  19,  (tables 
II  and  III)  were"'  ?v"eighted  one  and  those  in  columns  8  and  9 
were  weighted  one-half. 

The  inaex  of  refraction  as  rneasured  here  is  only'; 
relative  and  tnerefore  the  dispersion  curve  was  adjusted  to 
give  a  best  fit  at  five  points  with  the  dispersion  curve 
found  by  Barrell  and  Bears^.  The  modified  equation  is 
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(21) 

j2]quation  (21)  is  for  dry,  carbon-diozide^-free  air  and 

0 

V'/hen  a  correction  for  the  dispersion  of  0^3  percent  carbon 
dioxide  is  made  equation  (21)  becomes  the  equation  for 
standard  air 

/6‘  =  X7Z.3^^ 

The  value  of  the  index  of  refraction  calculated  from  equation 

6 

(22)  and  from  the  equations  found  by  Barrell  and  Sears  , 

]  17  . 

meggers  and  Peters’  and  by  Pdlen,  are  given  in  rab±e  one. 

TABLE  1 


D  O 

(n-1)  X  10  for  Standard  Air  at  760  iim.  and  15  C. 


Wavelength 

A 

Meggers 

and 

Peters 

Barrell 

and 

Sears 

Ldlen 

Equation  (22) 

6000 

276.33 

276.97 

276.97 

276.87 

5000 

278.13 

278.97 

278.96 

276.94 

4000 

281.71 

282 . 74 

282 , 7  6 

282.86 

3000 

290. 69 

291.26 

291.61 

291.32 

2000 

325.58 

319.06 

324.08 

321.09 

Them/aluesof  the  indices  calculated  by  equation  (22) 
are  lower  than  Ba.rrell  and  Sears^  in  the  red  and  larger  in  the 
violet,  the  greatest  deviation  being  12  in  the.  last  two  figures. 
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The  curves  cross  at  appr oxiraately  4500  A* 

Comparing  equation  (22)  with  the  dispersion  formula 
found  by  Meggers  and  Peters^  reveals  that  equation  (22)  gives 
larger  values  for  the  index  at  v/ave lengths  greater  than  ap¬ 
proximately  2500  A  and  smaller  values  for  the  shorter  v/ave- 

lengths,  being  about  one  percent  less  at  2000  A. 

17 

Pdlen  had  derived  an  equation  based  on  the  works  of 

Barrel!  and  Sears^,  Koch^^,  and  Traub"^^  which  crosses  the 

curve  given  by  equation  (22)  at  two  points;  descending,  at 

approxiiriately  4800  A  and  ascending,  .in  the  region  of  2800  A, 
17 

Adlen  has  tested  the  indices  as  calculated  by  his 
equation  using  the  procedure  described  by  Meggers  and 
Kessler"^  and  claims  an  accurae3/'  of  1  in  100,000,000.  The 
values  of  the  refractive  index  calculated  by  equation  (22) 
v/ere  checked  by  the  combination  principle  which  indicated 
an  accuracy  of  1  in  30,000,000,  this  is  of  the  same  order  as 
the  calculated  probable  error.  The  combination  principle 
test  indicated  that  the  refractive  index,  as  calculated  by 
equation  (22),  is  too  low  in  the  ultra  violet.  The  error 
being  about  half  of  the  error  in  Meggers  and  Peters’"  values 
and  in  the  opposite  direction. 
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Table  iv 


Pressures  and  Temperatm'es 


Plate 

Temperature 

degrees 

Centigrade 

Pressiore  in  millimeters  of  mercury 

first 

lleon 

Mercury 

TisiLle 

Mercury 

Ultra¬ 

-Violet 

second 

Neon 

1 

20.  220 

0.00? 

0.007 

0.007 

0,007 

2 

20.224 

0,030 

0.030 

0.031 

0.031 

3. 

20.222 

0,022 

0.022 

0,023 

0.023 

4 

20.216 

724. 24 

734.76 

735-81 

735-60 

5 

20.216 

751-66 

752ol8 

753-17 

753-29 

6 

20o  219 

749.37 

748.40 

748.40 

748.78 

11 

20.218 

0,001 

0.001 

OoOOl 

0.001 

12 

20.  215 

0.006 

0.005 

0.004 

0.003 

13 

20.  219 

0.006 

0.006 

0.006 

0.006 

l4 

20, 212 

750.15 

750  .  56  s 

750,97 

750,78 

15 

20.  219 

746. 18 

7^6. 78 

746,49 

746.59 

16 

20.217 

741.  29 

741.07 

741,53 

741,74 

■■  J) 
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APPENDIX  I 


The  Method  of  Least  Snarares 

The  method  of  least  squares  enables  an  equation  of  given  form 
to  be  fitted  to  a  number  of  data  in  such  a  way  that  the  sum  of  the 
squares  of  the  departures  of  the  data  from  the  final  curve  is  a 
minimum.  It  is  treated  in  books  on  statistical  analysis}^,  A  very 
brief  outline  of  the  procedure  and  equations  follows. 

The  general  equation  of  the  form 

Y  =  A  +  BX  -f  CX^  +  .  '  (i) 

may  be  fitted  to  the  k  points  (Xj^,Y|)  by  solution  of  the  follox'tung 


equations  for  the 

constants 

A,  B,  C, 

.  ft  « 

?  Yi  = 
^  1 

^  Xj  Yi  = 

£  xf  Y.  = 

1 

A1*-  . 

^  *D  ^21^  If. 

A  X  X. 

.hf 

X 

^  D 

^  ^  X? 

■  1 

'  -f  c  21  x3  4  , 

^3^X3 

1 

1  ^ 

+  C  £  .  .... 

1 

•  (11) 

In  this  case,  the  quantity  ^  (Y^  Y)^  is  a  minimum  where  Y  is 

the  computed  value ,  '^hd 

Ti  =  A  +  B  Xi  +  C  xf  + .  (iii) 

.An  estimate  of  the  goodness  of  fit  and  the  probable  error  of  the 
final  equation  is  given  by 


Probable  error 


0,6?45 


k  (k  -  1) 


(iv) 


while  the  probable  error  or  deviation  of  a  given  point  (Xj^,Yj^)  from 


7 


^  IT  Oi 


I 

1 


the  curve  is  given  hy 


0. 


The  data  of  these  experiments  were  treated  by  use  of  the  above 
equations,  where  refractive  index  replaces  Y  and  the  inverse 
square  of  the  wavelength  replaces 


APP^IX  II 


MacLeod  uauge 

A  nev;,  -all  glass,  Macleod  gauge  v;as  constructed  when  it 

13 

was  discovered  tnat  the  one  used  by  Smith  gave  inconsistent 
values  for  the  saroe  vacuura. 

file  accuracy  of  the  capillaiyr  was  checked,  by  measur¬ 
ing  the  length  of  a  drop  of  mercury  as  it  vms  nioved  along  the 
capillary,  and  should  be  within  one  percent.  The  capillary 
was  also  calibrated  hj  filling  it  ?vith  mercury  and  iveighXing 
on  a  precision  balance.  veiyy  fine  glass  fibres. were  fused 
to  the  capillary  at  t¥sfo  points  and  relative  to  the  Ic^^er 
of  these  the  measured  volume  of  the  capillary  is; 


Position  in  mm. 

Volume  in  ml. 

-  0.0  32 

0.1823 

11.318 

0.1720 

109.940 

0.0831 

132.480 

0.0601 

The  upper  index  is  109.351  mm.  above  the  lower  index  and  the 
lower  index  is  200.9  mm,  below  the  outside  end  of  the  capil¬ 
lary  tube. 

The  end  of  the  capillary  is  at  £3.5  cm.  relative  to 
the  scale  on  the  MacLeod  gauge  or  196.59  mm.  above,  the  lower 
index.  However  if  the  mercury  is  brought  to  within  one  centi¬ 
meter  of  this  point  it  will  probably  be  necessar3'’'  to  correct 


for  the  volume  of  the  end  which  is  appro::amately  0.14  ml. 

The  total  volume,  V,  and  the  volumes,  v,  above  the 

first  and  second  indices  are  respectively:  101.35  ml.: 

0.1823  ml.  and  0.0818  ml.  and  the  area  of  the  capillary  tube 
2 

is  0.92  mm  . 


APPENDIX  III 


Hilger  El  Spectra ^rapli  -  Horizontal  Eo cus 

Due  to  astigmatism  in  the  spectr^^grapli  the  focus  is 
not  the  same  for  horizontal  lines  as  it  is  for  vertical 
lines.  When  using  a  spectrc>graph  crossed  with  an  interfer¬ 
ometer  the  vertical  focus  is  not  very  important  because  the 
slit  width  is  of  the  order  of  one  millimeter. 

The  position  of  the  bright  fringes  produced  hj  the 
interferometer  must  be  measured  accurately  hence  it  was 
decided  to  try  to  determine  what  the  focus  settings  Vv^ould  be 
to  give  a  good  focus  for  horizontal  lines.  This  was  accom¬ 
plished  by  making  a  brass  slide  that  could  be  substituted 
for  the  fishtail  and  then  laying  a  number  of  very  fine  glass 
wires  across  a  window  in  this  slide.  V^hen  the  slide  was  in 
position  the  glass  v/ires  v/ere  very  nearly  in  contact  with 
the  slit  and  effectively  acted  as  sharp  horizontal  lines 
across  the  slit. 

Eocus  plates  were  then  taken  to  determine  the  best 
focus  for  horizontal  lines,  using  the  settings  for  vertical 
focus  as  a  starting  position.  The  focus  settings  found  are 
given  belov/,  for  both  horizontal  and  vertical  lines. 
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Range 

Pri  sm 

Focus 

Tilt 

Type  of  Line 

2400  -  2400 

A 

14.95 

S7  -  7 

14 . 0 

horizontal 

3400  -  7000 

A 

18.15 

53  -20 

6.0 

horizontal 

2400  -  3400 

A 

14.95 

37  -16 

8.2, 

vertical 

3400  -  7000 

A 

18.15 

53  -24.5 

2.8 

vertical 
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APPS^'DIX  IV 


Calibration  of  tlie  Eecl-aiiann  Thermometer 

l3 

The  Beclcmami  thermometer  used  by  Smith'  was  recali¬ 
brated  to  determine  if  it  had  undergone  any  change  in  the 

two  years  since  its  previous  calibration.  The  procedure  used 

13 

was  identical  with  that  described  by  Si:aith‘  ,  Appendix  B,  and 
hence  will  only  be  briefly  outlined  here. 

The  saturated  vapour  pressure  of  ¥?ater  which  changes 
approximately  0.01  mm.  per  0.01°  C.  in  the  region  of  20°  C. 
Vvas  used  to  calibrate  the  Beckmann  on  the  absolute  scale. 
VVater,  distilled  twice  in  air  and  once  in  a  vacuum,  was 
vacuum  distilled  into  a  bulb  which  was  connected  to  one  side 
of  a  u  tube  (2  cm.  diameter  tubing).  The  other  side  of  the 
U  tube  w^as  held  at  vacuum  pressure. 

The  bulb  containing  the  water  was  immersed  in  a  con¬ 
stant  temperature  bath  with  the  Beckmann  thermoxmeter .  The 
water  vapour  pressure  on  one  side  of  the  U  tube  caused  a 
difference  in  height  of  the  tv/o  mercury  surfaces  which  was 
equal  to  the  water  vapour  pressure  and  thus  a  function  of 
temperature. 

The  difference  in  the  two  mercury  levels  ?/as  measured 
with  a  travelling  microscope  which  carried  its  ov/n  parallel 

C  >r)TL^e 

light  soiJTce.  The  parallel  light  gave  a  sharp^of  the  flat 
mercury  meniscus  thus  making  it  easy  to  measure  the  diifer- 
ence  in  the  mercury  levels  to  0.01  mm. 
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'Twelve  measureraents  of  the  difference  in  height  of  the 

mercury  coluiiins  v/ere  made  for  each  temperature.  These  were 

averaged  and  corrected  for  the  temperature  of  the  mercury 

columns  and  the  gravitational  acceleration  at  Edmonton. 

The  observations  and  results  are  summarized  in  a  table. 

Vapour  pressures  Vvere  converted  to  temperatures  using  a  table 
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in  the  Eandbook  of  Chemistry  and  Physics  .  A  straight  line 
w^as  fitted  to  the  data  by  the  method  of  least  squares,  giving 
the  following  eopuationr 

T  =  17.S35  0.944  B  (±  0.054) 

wliere  T  is  the  temperature  in  degrees  Centigrade,  and  B  is 
the  reading  of  the  Beckmann  thermometer. 


Beclariann 

Reading 

ij 

Corrected 

Difference  in  Height 
in  ram.  of  Hg, 
i vapour  pressure ) 

Temperature 

in 

Degree  C. 

T 

0.388 

15.103 

17.611 

0 .  658 

15 , 346 

17.864 

0,760 

15.419 

17.939 

1 — 1 

r — I 

15 . 818 

18.348 

1.877 

16.493 

19.016 
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